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SECTION I 


EXPERIMENTAL PRESSURE VERSUS TIME DATA 


A. Introduction 


The following experimental pressure versus time data 
are presented in both tabular and plotted form’. Also in- 
cluded in the listings are the coefficients of the least 
squares fit polynomials used in the theoretical tests and 
in the plots presented herein. 
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“aes 


The tabulated data are in the dimensions of psig versus 
seconds, as are the data plots. The polynomial used for the 
least squares fit was of the form: 


In(P) =a, +a,T tan U7 + ...4 a, v* 
where P= p/P initial - 


5 for 10 input points. 


and n= 46 for 12 input points. 
7 for 14 input points. 


Many of the pressure traces do not go all the way to 6.0 
psig because the final trailoff in the test chamber was 
relatively slow and was occasionally deleted from the input to 
the theoretical prediction program. 


The pressure versus time data for Batches No. 958 and 
No. 960 were not used in the theoretical prediction and are 
available only in the form of Visicorder graph records pro- 
duced at the time of the experiments. 


* Ld 2 
The wvlots were made using a Calcomp 560 automatic plotter. 
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29 A= 9.2334494319-G1 = 0.4498110330-01 
~9.3331 BE-00I123443899 09 F=-90.5940140950-62 
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15) TH(TIMESRREFXS2)/ ALPHA 
LU(P)=A 4357 +08 TFS *2 FORT SEZ FER TERE 
Lv(?) +P 

0.9 82-069911132290- G2 ‘= 0-2668023529-01 
—3.2749 033449109330 990 F=-0.2245529250-02 
~9.59931 5, 7136527839-01 F= 0.1348794180-03 
-..1479 Tide P LN{P) 
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-9.1420 $=-0.63385553020 90 £=-0.4293051029)-02 
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BATCH = 945 / 77.53 APs 22.56 PhAA ; 
DATA PRIM ES 3 196 T=(TIME#RR EF 2 2)/ ALPHA 
LN(P)=A #337 #CXTSE2 498T#EZ 484 T HG 
TIME > Lu?) FFE TERS 
0.9 599.0 6.9 =-1).1903569003-91 9=-9.4920661980-02 


0.90290 417.6% -9.2163 8=-0.24337481939 00 €= 0.407050282d0-03 
0.007C 239.3 -0.5977 C= 90.590724d30~-01 F=-0.150531069D-04 


9.9129 197.0 0.9492 TIME ? LNCP) 

0.0179 147.32 -1.2429 "9.0429 62.9 ~2.1053 i 

0.0229 115.9 -1.4875 0.0520 52.0 -2.2812 ‘ 
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0.9 707.0 960 A=-O.1053079279-O1 £=-0.5934042300-02 


009029 529.23 -2.2973 R=-9.6444727109% 00 F= 0.39761732760~-03 
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929129 25352.) —1.9593 N= 9.2450471999-02 
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0.0129 232.2 -9.9475 P= 0.1042 223025-62 
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< re OTF) 2376390 -2.2577 TIE Pp La?) 
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SATCH # 
DATA FRO4 RIN $179 


TIMES 9 LN(P) 
9.9 549.9 9.9 
9.9011 599.9 ~-3,9062 
0.904!) 375.9 -0.3739 
0.9091 265.9 -0.72i1 
O.9L4E 200.0 -1.9025 
0.9191 160.9 -1.2254 
0-024) 12563 ~164725 
9.9291 195.9 ~l. 6465 
0.9341 85.9 -1.5531 


DATA F2I% QIN = L7L 


TIME 2 LV(?) 
0.9 595.0 9.9 
9.29935 425.0 “9.21725 
0.900325 399.90 =-9.5208 
9.0135 225.9 -9.5055 
0.9135 175.9 ~-1.9593 
0.9235 133.3 -1.2973 
969235 L109 -1.9241 
0.9435 63.9 -2.9051 


DATA crore KJ #172 


TIME 2 Lu(P) 
0.0 72039 929 
0.0052 °455.9 -08,4599 
G.0102 3222.3 -2.2172 
3.9152 242.79 -1.9169 
0.0202 133.3 -1.3423 
9.0252 153.9 -1.5655 
0.9302 125.7 -1.7509 
0.9352 192.9 -1.954 
0.9402 35.7 -2.135 
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0.9 14).9 23 
2-092? 155.2 -%,9275 
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V.9175 0 HU. 2) So 
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T=(TIMESRRETR*2) / ALPHA 
LN(P)EA B87 4C#THH2 Fe TERS FEET EG 
FEETHES $35 T444 
A= 0.1111631499-61 F= 0.1627541700-02 
R=-0,5364677149 90 F=-0.7049421290-04 
C= 9.109645709) 00 G= 0.105797542N-05 
H=-9.172351637N-91 


TIME P LN{?) 
0.290440 4500 -241264 
0.0541 5300 -2.2935 
0.0741 40.9 ~-2.6119 
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LU(P)=A #347 +C#THS2 F087 283 FER THES 
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C= O.LO7T1LIL2Z472-O1 =S= 061531359 729-95 
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BATCH £ 945 7 T7055 APy 22.55 PRAA 


DATA FRO4 VEE of 174 TH( TIMER SEP REEL Pie 
LNCPJ=A FB8T +C8THe2 4D*T2S3 +h eT RG 
TIME oy LN(}) FER PRR FGeT RUS 
9.9 325.9 09 S=-9.370755944389-92 0.505%250520-03 


0.9919 3599.9 -3.9933 h=-024561136349 99 F=-).3717053940-04 
0.00969 209.9 -7.4911 C= 0.5523793F79-01 G= 0.9995509550-05 
0.011) 152.09 -1.7993 D=-9.5039597400-02 

0.0169 123.3 -1.7286 


0.9271) 95.0 -1.2403 TIE P LN(»?) 
9.926) 32.9 -1.41°7 0.0519 59.G -1.992) 
9.9319 TO.9  -1. 54985 0.0619 490690 -2.9975 
9.9416 672.9 -L.7133 9.0719 49.9 -2.1253 
DATA Fervt SUN #4 ° 175 TH(TIMESER EF RE2 )/JALOHA 
LN(O}=A 4+4%T oe FOETEX3 +E T% 
TI a8 P Li?) FEET UES 
0.9 239.5 9.9 A= 9.3031420570-92 9=-9.2274)17029-01 
9.97922 139.5) -3.2451 32-9.563972723515 09 E= 0.1793747240-02 
9.904? 145.9 -3.4413 C= 261445657549 99 FE~90.9490530970-94 
0.909? 952.9 -9.3542 JIsMe Pp LY(P) 
0.9142 75.9 lel ddo 0.0292 49.9 -1.7492 
9.0192 62.0 -1.3437 0.090392 27.6% ~2.61422 
9.0242 45.90 —-1.45314 020492 292-9 —2.4423 
DATA FRI 2UN #4 176 T=(TLI4S*R PER REZ YP/SALPHA 
“S(O)=A4 #847 4027 exD 438 7S43 FET Rs 
TIME ? LNCP) +E ET RES 
a.% 239.9 9.9 A= 0. 1749397319-01 OD= $,3930452570-31 
0.9922 255.0 -—-9.1112 BR=—-1)6332460205)D 90 E=~.'.3791995143-C2 
0.9972 1552) ~9.545%5 C=-), 74025%7729-901 F= 326155705 9619-53 
GeJI12? .- 132.69 -0.9349 TIVE pd LAP) 
0.17? $5.) ~1.2795 9.9322 ° 42.0 -1.9143 
9.9722 25de> 06-164 78) 92-0422 27.0 -—-2.3557 
9.9772 $4545 -1.5935)] 0.9522 20.0 ~—-2.65558 
DATA F20e ly 4 177 TH(TESae es EF ee? PS ALOHA 
Li(P)HA F587 +C8TRRD NETHER FET eG 
Tive ° Luc?) FPR] URS 
9.0 335.3 2 A= 927395920952 7-91 D= 924213639685 9-9) 
Oe! 5 3909.. =-3.27 495 SS—9,.957°9 4339) 96 2=-3.4465717339-02 
Je 5 2B m2? C= 3.373547 5819-91 Fa 3. 7433454395-93 
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0.0 455.9 9.) A= 0.3373004799-02 £= 0.392048010bD-04 


9.9072 352.3 -9.2424 32-9.2179962549) 00 F=-0.3977491579-05 
9.9171 242.3 -0.5314 C= 0.7250177160-02 G= 0.3046633260-07 
0.9371 123.3 -1.2533 D=-9.9%78238230-03 H=-0.60143 33 590-09 
9.96471 92.3 -1.5353 : 


0.9571 7320 -1.7592 TIME Pp UNCP) 
D-I7T7TL 32.3 -2.1091 921571 9.90 -3.9231 
3.9971 35°. 2.5549 0.1671 3.0 4.0499 
O.1171 23-9 -2.9914 6.1771 7060) -4.1744 
0.1371 13.0 -3.5553 C.1971L 529 -4.5109 


seve gaeedocrieueraeaar snes aret ie SRL ASSO Gta STi SBS SHE HC GOOG SCASTEN GGT GOSS RNSTERR GRO CGS 


id sateen eke LAE AS TS TE a ol kN at EO he EL Pe Sa AP a LO ML RR EER 


125 


O30 


O18" 


ae esc 
0,60 0,708 
| nee: 45! 


aa 

| © 
= “Co 
So (1 
Ti oe 


IS TI 


Za 
O110 


0 (Ser ener Le —) 

; F 

Lid 

| Ks oOo 

3 Bi 

oo°oat ona poco na oo*o2 cotd? 

ix) SISd “uNSSaud ‘a | : 

| t a | 

l a1 : ath neve wa j 

LENG ONC NR REE 6 ae “aaa aon shea Me aeoe fe settee Resta ASC nor 


Pahate Case ta el te ates ta Pet MRT PPP LP PRE CAL Mat TEP TE Te NAP NPP RAIL, 
SX 126 
“,": 


<? 
PATCH # 908 £ 80.7% 8°, 29.0% PSCT 
DATA F230 RUN + 347 TH(TIMESR REF EZ) / ALPHA 
LN(P)=4 42%] 4CUT RE? 40% T £43 +E 27444 
Tive 2 LCP) AEATHEES 4G64TH45 FHRTEST 
0.9 549.6 00) R= 064942534610-02 F= 0.135601829D-01 
0.9098 429.9 -O.1172 8=-0.5741935277 00 F=-0.177737407D-02 
0.0925 395.9 -9.3254 C= 061125490113 00 G= 0.1103095840-93 
0.9935 339.9 -9.4925 9=-0.5047437919-O1 4=-0.2%0450593D-05 
0.995% 255.5 -6.7482 
3.9074 210.9 -5.9445 TLise D LN(P) 
9.0193) 145.9 -1.314% 0.9308 45.9 -2.4249 
9.9153 95.) -1.7377 0.0358 39.9 -2.3904 
9.9203 79.9 =-2.9432 0.0408 27.0 -2.9957 
9.9253 59.9 2.3795 0.0458 25.4 -3.9727 
DATA FAB BIN & 353 TH(TIMESQ°527% 42) / ALPHA 
UN(P)=H4 484T FORTHE? £07843 Fb xe Te eG 
TIME D Luce) FEST E45 4G8THH5 4HET EET 
0.9 555 “O64 Ah=-0.4955326759-OG2 == 9.575327G01L0-03 
969935 35202 -903322 9 3=-9.24222989199 0G Fe-9.3511441299-04 
0.00235 245.5 -3.7716 C= 004869993599-01 G= 9.113298079D-C5 
9.9135 175.9 -1e1081  2=-0.5972410429-92 H=~0.1469093330-07 
9.9185 135.) -1.36€75 
0.9235 103.0 -1.5361 TIME Pp LVEP) 
0.9285 23.9 -1.7731 0.0535 48.0 -2.4917 
0.9335 75.9 -1.9554 0.0635 40.0 -2.594¢ 
9.9235 6369 ~2.9534 0.0735 35.60 -2.7175 
0.9435 $7.2 -2.2798 9.06335 30.5 -2.8717 
DATA FAS4 AIM 4 369 TH(TINESZRES%H2 DJ ALPHA 
: LNCPPEA F551 *CHTSS2 #NeTHtR 48ST He 
TI42 > LueP) _ ESTERS FGF THQ tHe T St 
0.) 332.90 309 2-36 7323049159-92 E= 969330769019-94 
DoIVU7 BL7.2 -Fel=13 9 P2-0.49259346823 90 Fe 0.5641285697-95 
Q.9057 20769 -5.5573 C= 004342441193-01 32#-9.64799874435 9-65 
D.I217 152.2 -9.9152 6 2=-9036596621999-92 = 9.46340291059-03 
O.9157 119.2 -1.1619 
J.9217) 94. ~-16358? Ties p Lit?) 
2.9247 25.3 -1.4975 Oe3567 44.0 2.1115 
DeOSL7 720 1045625 0.647 4007 -2.2756 
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SATA FS34 Qyy 372 
TIN ? LY?) 
ae) 679.0 d.) 
Q.991% 5435.0 -0.1705 
09043 427.90 -0.45C5 
0%9S3° 229.9 -9.3725 
ae 200.9 ~-1.2990 
029193 159.9 -1.4956 
9.9043 123.2% -1.7195 
9.39233 G70) 1.7426 
329242 R409 -?.2765 
5.90398 T0090) =-2.2558 
DATA FRA ey 372 
Tre ? LP) 
3.9 54009 219 
OeVILL 532.2 -9,1943 
9.5932 GO769 -9.4527 
Ve IVISL 297.3 ~-0.7677 
A.9111 137.0 -1.2304 
CO.9161 127.0 -1.5173 
9.9211 59.0 -1.9725 
9.9261 63.9 ~-2.2429 
0.92311 57.9 —-2.5464% 
0.9361 49.9 -2.7726 
DATS FDA wes oe BTS 
FIs 0 Li?) 
0.9 $74.9 Ce) 
O.69515 5°77.) -3.2975 
9.9952 3467.9 -6.5509 
0.9192 227.7% -9.333 
DJe9152 173.3 ~-1.3704 
0.92792 139.9 -1.5695 
069252 3395.2 -1.7222 
29292 3303 1.9555 
3e D407 394730 -2.3413 
220595? 430) -2.5445 
DATA Fatt eS; 37 
Tics. od La?) 
4.0 649. 0.) 
O.9298 4ote i —722316 
22909. 35).2  -2.6173 
JeJLF2 233232 -1.2172 
O.VIS2 Ls%.d -1,.3512 
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A=~-)213053D4999-02 
8=-0e4910091299 05 


C= 9.1630812055-01 
P= 962321383229-02 
TIME P 
0.6493 50.9 
9.0593 49.0 
U.0593 33.0 
9.0793 27.9 
T=(TI 
NOPYSA #34T 4027 ¢ 
+FRT % 
6=-9.7715295779-92 
B3=—-9.5594242373 09 
C= 6.9559949449-01 
§$=-0 e 17422 30549-9014 
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0.9411 33.9 
0.646] 28.9 
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0.9541 24.0 
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SI BATCH # 956 /* 80.0% AP, 20.0% PBCT 
af 
aoe DATA FIC4 QM 379 Te(TESEs2PEree2)/ ALPHA 
oe LUCP HA FBST FCeTHE2 ANST HERZ 46 RT HS 
5. TIM? 2 LV(P) HFS TEES 4GkTERG tHETHERT 
0.9 472.9 7.9 A=-0,223702634)-22 E= 0.4448349969-01 
0.0915 599.9 -9.2957 82-0.613113440) O09 F=-9.6242172195-02 
39.9039 492.9 -9.5183 C= 9.3372843939 90 S= 9.43532154570-03 
9.9952 309.6 -9.3955 = 95-021 654141979 IG H=-0.1189797969-04 
0.9984 299.9 -1.2119 ; 
N.9104 159.2 ~-1.43946 TI4& P LNG?) 
9.9143 199.9 «<1. (0.9280 39.9 -3.1991 
C.9175 19% 01925 G.9396 252-0 3.2914 
0.0205 53.9 -2.5929 0.90334 2260 364192 
0.0247 42.) —-2.3214 9.0495 20.9 ~3.53145 
DATA FAY4 Fy 4 382 T=(TIMESR RSF ST2 DS ALPHA 
UNCP VHA 4347 4CeTHe2 495 TREZ 46 eT HHO 
TEes 2 LCP) thE THES 4587 #45 +H oo 
Je 1957.3 9.2 §==2.6219110039-93 fs 9.3735093079-92 
9.0020 744.) -2.3552 P2=9.737571030) 99 &=-9.7650327159-03 
O.0660 562.5 -9.5447 C= 06137130567) 99 G=. 9.3313608240-04 
9.905) 443.0 -9.35738 9 9==9.5314039030-91 H=-9.5655040130-04 
0.9099 313.3 -1.2195 
0.0140 193.) -1.7999 Tre Pp LN(P) 
0.0199 123.3 -2.1205 0.9390 50.0 -3.959% 
9.924) (99.9 -2.4725 0.0449 42.0 -3.2349 
0.0799 72.9 -2.5959 0.9490 34.0 —3.4462 
9.90346 6349 -2.3733 0.90549 23.0 -3.5494 
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0.9 32). Q.3 Le-J.1L35S7IL97T1I-92 E= 9.4642441149-03 
0.9975 297.9 -9.3493 $2-1)045935959957 JD Fe-0.2126712659-0% 
00994? 95357092 -344203 C= 9.5320372852-31 S= 9.537725315N-94 
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DATA FR3Y QS 2 43 TH(TIEES REPRE) SALPHA 

LN(P)=A F347 FOTRE? 4D eT EZ FDR TERY 

TING a LC?) FEET ERS 4GRT REG tHE TERS 

Pe Soe - S68 nee 4727424229-93 f= 001125451000-02 

as $15.9 -O.1102 00553542279) 90 F=-0.4697230839-04 

Aaa) 75.9 ~-3.7375 as 9.2153652549 90 S= 0.1115236639-05 

9 456) 

a 25.9 -1.4491 

<0 950% -108542 T1¥F > LN(?) 

0 43.9 -2.1400 9.9757 20 -2.3579 
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-2.9271 
~3.1355 


DATA FAD. WD 414 T=(TIMERR a #2 )/ ALOHA 
Li PSA FB4T 4C4T HE? 4K] RES FET RG 
pie 2 Lut?) $2 ST RRS y 
0.3 660.9 9.9 A=—-9.2594639479-91 9=-0.4910242569-92 
D.I025  44)69 -9,4253 Sal 5 IL1L205847 0 F= 9.2999533932-63 
9.0973 235-232 -1.94525 Cz G.752729751L9-0OL FF =-0.0634256493D-95 
9.9123 145.9 -1.5249 TiAl ? LNCP) 
0.9173 103.0 -3.9149 9.0423 49.9 -2.8332 
0.9223 79.9 -2.2730 0.05273 35.9 -2.°9657 
929323 53.9 -2.4101 1.0423 30.0 -3.1259 


DATA Fede tay 4 614 T=( 0 TES 2 REE %%2)/ ALPHA 
LU(P PSA HAST FOOT RED €0ST ER FEST REG 
TIME 2 Lut) FER THES 4597 86 
5.4 943.3 929 A= 9.4993939279-92 f= 9.21931602349-062 
03924 639.9 -9.4295 — 85-9.3395524249 09 F=-2.1636957230-63 
269°S4 492.27 -O.4620 C= J0L47702495) 09 B= 06293461 3639-C65 
DeBITS BTL) =$101434 9 32-9.2261141629-91 
3e D124 tah. —1.94% 75 
PO1LT* 125.90 -2.°933) TiAS Pp LW?) 
1.9204 Dae -2,3224 3.9474 45.90 -3.9635 
< Sc 92Te.  “Preb  S 4747 300574 49.9 -3.1364 
= 9.9374 S2.% -2.2240 Oe957T4 = 3305 -2,2378 
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BATCH ¢ 9IS / 29.05 AP, 


27.53 PY 
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DATA FROIN 24M 8 413 THC TINSSe Pe RE? YS ALPHA 
L°UCPJ HA ADFT ORT RSD the T Se 4b TH* 
FIG ad Lute) FEET RSH F¢Ge TH 45 tHe Ter] 
0.4 9o3.0 9.9 A=~-9259593042499-02 €=-9.2232°52390-C3 
9.9803 9279.9 -9.1559 $=-9.7227512140 30 = 9.6369 7244709-04 
9.0024 4£9).0 -9,.4733 C= 922969495235 900 G=-9.3167329159-05 
6.69942 449.29 -9.7335 D=-9.0503704749-92 tHe 0.5257653130-97 
9.93735 399.3 -1.1714 
0.9153 213%4.2.9 -1.4907 TIME Pp LN(P) 
OLD1L5~L 261.9 -1.7939 0.9593 49.0 -3.1364 
9.0795 1172.9 -—-2.1%57 C.087% 33.0 -3.3757 
9.0703 75.3 —-?.5577 "9.9793 292.9 ~—3-5C079 
0.9404 50.9 2.3932 9.9308 2562.9 -3.5171 
DATA FU SS. 4 alg TH(TINSSSR EFS 22) / ALPHA 
LN(CP PHL F337 C8 7842 498793 FF eT ey 
TAME sod LN(?) 2 FFE TSS 4557446 tHE TSe7 
0.9 71229 3.9 A= 9.1328902770-01 t= 9.19513475 380-92 
0.3043 3279.9 —-9.582 B=-9.7513555407 G2 F=-90.91527566550-04 
2.09935 2295.90 —-}e1744 C= O.187¢012299 JO 3= 922193966720-65 
0.0143 1727.3 -1,%29% D=—-3 62321936275 9-3 4=-9.22195459719-07 
32691393 %132.9 ~1.6353 : 
0.9743 173%.9 -1.9141 TI“ P LN(?) 
9.0295 57.9 -2.1972 0.06923 23.0 ~3.9716 
0.93593 63.9 -2.4737 0.07953 23.0 -3.2359 
02-9493 46.2 -~227394 9.09393 24-C -3.3999 
429593 3709 - 2.9945 9.6933 2260 -3.4770 
“DATA FRIVA SIN F 421 THC TINSSR ZEF SE? PS ALOHA 
Lis€2)=4 +587 O04 TH2 2? 408743 4b RT KS 
Types > LP) FF ET SEH 45S 7TH 5G +H T 447 
0.9 712.2 Jed £2~-0.53207250342-01 c= 0.159655695:-07 
9.9912 52).2 —3.3535 R=—-). 734495544) 9 F=-0.71414312465-04 
0.9953 332.5. -).35% C= 0.63 482242959 99 3= 9.1950325290-05 
O0.9225 9155.9 -1.3%77 CH-9~.292297297T9I-OL H=-9215433545279-07 
9.0225 115.9 -1.3231 
9.3225 B20 2613514 Le Gs P LYtP) 
De 425 yee 2.4992 9.9325 3520 -3.9127 
veID25 Set 2.5597 0.0925 3325) -3.145¢ 
eee Let ae) 490) -2.7o14 0.1%25 25.0 -2.3492 
e723 sDe5  - 2.377? 2.11275 200% 3.35723 
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DeIN7s 21765 -2269257 CF VL2453F 27S 3S] 9210426951 50-05 
QeD ty Lote betty “Se .25257727 2697-5) AB=-0.791073942 5-65 
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BATCH + 


Tyee 
229 
0.9915 
0.99019 
9.09043 
0.0569 
0.00385 
O.O011S 
9.915¢ 
De 9219 


DATA FOO 


941 / 65.96 AP, 


PSN 322 


> LN(P) 
539.9 9.9 
455.) =-9.1524 
39965 -3.3067 
20560 3959859 
222.% ~0-22435 
195.0 3239999 
147.3 -1.2974 
193.9 -1.5321 
Tage -1.9554 


373 


19.13 PBAA, 15.9% FI 


A= 02419751597)-03 
F=-9.2113799143) G2 
C= 0.43794294350 06 
N=-).22369211239 9¢ 


TIE 
263265 
9.9319 
€.0369 


>) 
3529 
40.0 


28.0 


UN{P) =A #347 ¢0%T** 
$F eT %x 


of 


NEAL 
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3 72520542D-02 
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LN(P) 
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TH(TIVEFRREF E22) /ALPHA 


LY( PHA F247 4C8%T 842 4+5% 


Ee} +E eT REG 


Tie > LCP) FEET EES 4GR TG FHT HHT 
3.9 54260" . 069 A=-0.5341233650-32 £=-0.920653245N-04 
309937 355.5 -0.3954 = =-0.6917155329 IC) Fe 06.64206353030-04 
9-9929 245.9 -0.7940 C= 0.37382008870-01 G=-0.22510532800-05 
JoDL39 17509 -2.1295 = M=-5,6301472799-92 H= 0.3300867229-07 
GeO152 125.9 ~1.2390 é 
9.9239 103.0 -1.4413 TL 4F Pp LMN{P) 
3.9239 $83.7 -1.3173 0.9739 25.0 -3.0754 
9.9337 £2.08 -2.1691 0.0939 20.6 -3.2995 
0.94%9 +7.) 24445) 0.1139 15.C@ ~3.5372 
929582 33.2 -2.5577 0.1389 19.90 -3.9927 
OATA FIV PIN + 324 TH( TIMES @ REFS E2) S ALPHA 
LY(PJSA #397 #C8THH2 4547683 FEST HH4 
TIME 2 LCF) FEST RES GET EES 4H THe 
Cc.) 545.) 25 A=-9.2179135319-32 F= 0.8353935550-~-0% 
WeD252 AAI. ~301279 9 Pa-9.1448539713SI-Ul FE-9.3470444059-05 
069295 449.9 -9.2149  C=-0.5143426239-52 S= 9.51217146079-97 
Me94T90 333-20 3.3475 9 %2-9.572549564I-93 H=-0.394326913N-09 
soot 9.9599 325.7 ~2.5179 : 
ee 9.9699 279.9 -2.7924 TL Az p LN(P) 
~~ QoS) 192.6% -1.9422 D6 ?2 IGG 55.90 -2.1754 
M6109) 145.2 -1.3241 3.2259 35.9 -2,2935 
Oo1203 195269 =$1.4463 1.2400 £7.59 ~2.4596 
WIGS “S50 Shee say C.2599 845.6 -2.43541 
ATA = ‘ } + 323 TH(Tivn*e SOP %S2 VJ ALPIA 
LCP psd toe T Fleer? 40K THs3 Oe Tas 
Tr? > Lt) EST HES FORT eS 
4.9 S344" q5% Se-U.) 724597332291) 22-9.5259556175-92 
JeDG2— 44407-37826 9 49 5,4401759349 39 Fs 9.7499225575-03 
Seb? 49LT ABT TE O7THZS2797IN-AOL — GB=903146974055-04 
> DQo2°4) 235,30 9.5455 4S 001402273 737-91 
; Sse 2a > Saas | 
a WNP) a Oe. Cetus T! ts ° L- (9) 
ate OQ.) PFRAL® -1,3273 Bedteo LO2.6  -1.72795 
tt Og Il ee aig eo Ge3455 52.6 -1.341% 
as, MYSIG F262 HL. Sd 2 S.0555 3206 -1.5557 
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BATCH + 96) / 65609. AM, 19,2" PAA, 15.9% FINE AL “3 
NATA FR D4 BAIN 2 325 = TH(TINE*QREFEAZ)/ ALPHA 
LN(P)=A 4357 +Ce THR? FOFT SEZ 40 TG 
TIE ? LN(P) FFRT SERS 4GeTHRA +4 eT e7 
0.9 553.9 be A= 0.9336709359-02 Es 9.336923854D 00 
929933 395.9 +9.5927 P=-0.1252175219 01 S=-9, 7273600649-61 
0.0088 249.9 +1.3969 C= 0.1359959219 Q1 Ge 0.78644883870-02 
0.9133 159.0 -1.4964 N=-0.824498353) 00 H=-0.3349492520-03 
Oe.9L55 119.69 -1.7521 
9.9233 7909) ~2.154) TIVE P LN?) 
0.9223 550 204742 0.90009 573.2 -0.1394. 
9.9334 3909 -2,92852 0.9022 474.5 +0.3193 
0.90234 2% 0D 367225 -0.0959 333.8 -0.6712 
0.9423 2269 -35.64253 0.0091 248.5 -0.38899 
CATA FADt eye 2 327 . TH=(TIME*2REFSE*2)/ ALPHA 
UN(P)=A +387 4087222 +peT x e3 +b eT eeG 
TIME ro] LY(9) tEETH*5 4647 e4G 4HeT H#7 
0.) $39.9 0.9 M=-9.3183240229-02 fx 0..99283956) 09 
06.9913 5359.9 ~9.2122 io=0, 1055223019 al F=-0 2223325 76159-C] 
9.9053 397.3 ~9.7952 C= 0.472724362. 00 Gs 0.239 2311039-02 
0.8115 299.) ~1.22%8 T=~9.2376N05099 On 4=-0.9746255479-04 
0.9163 137.0 -1.592)] ; , 
3292713 95.9 -1.9452 . TIVE P LN(P) 
0.2263 6329 ~-2.32526 0.9453 39.0 +-3.1209 
0.9313 5349 -2.5513 0.0513 27.0 -3.2263 
0.3353 3469 -2.:9957 0.9021 499.1 -9.35392 
009413 .32.9 -3.0564 0.0052 353.9 -09.5115 
ATA FAN QIN # 323 TH=( TIVES REF RRO) ALPHA 
: LN(P)=4 4347 ¢C 8 Tan? Ne a FEET ERG 
TI Me a LNIP) FFSTRA 4 eT eee the, 247 
0.3 743.7 °9.9 £2=-0.12341971959-0] os See 172473350-02 
0.9927 549.9 3,319] 22=-0.729442533) SD FE-9.1445998529-03 
de DO77 355.9% -3.7385 C= 00153244865) 90 $= 9.32594379765-05 
GeQ1l127 257.3 -1.79509 Mem 6253297919 I-NL ried, 3958947430-97 
909227 153.9 ~1.5393 
G.9327 199.039 -2.9955 TEAL P LN 09) 
2.94274 TU0D -2,3422 0098277 2545 -3,9412 
220574 530 t = 265934 0.9527 3409 -3.0243 
069327 43.% =-2.5455 0.1927 34240 -3.1456 
96.3727 AT.3  =2,9998 9.1127 392.9 -3,2095 
JATA Faye ty 3 225 TH(TIMF ef Sheer yy ap pus 
LP yay F087 40a qe FOSTERS FET eG 
Pri: > Lit?) FP ETRE +58 TRS 4-4 Tee 7 
a.) T4105 dee “24 TEES S316 IAG PEM YTESU4L 754-09 
OQ.99L7 54).5 0 -2.2787 Rae), Tr*ili?ess Ol F= 3.352144245 99-02 
Jee ete et kA SO C= o, 4265807234 NN GEKI91 75 32 5F959-62 
06993, 43303 -3,54277 As=4 a MIIITLIY 9G He GO, 054927132-923 
26 2049 ae Ole Pere aS 
Q.GV54 BEIT = 7445 TIO: » Ls?) 
Dart! SESE eae 320254 9.9 -2,2292 
O6FLGG 277230 ~1,) 923 eo VERGIG 4eF -2,.5177 
Je D154 Poo. 2 69,5552 J,U354 eT 76543) 
De d2%*% FD35.2 105927 7.3454 2229 =-3.149¢ 
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C. Table of Initial Pressure, Initial Depressurization Rate, and 
Whether or Not the Experimental Run Extinguished 


BATCH #944 


Run p (dp/dt). Extin- Run Po (dp/dt), Extin- 
No. (psia) (psia/sec) guished No. (psia) (psia/sec) guished 
119 1110 180,000 No 133 430 76,000 No 
120 1105 232 ,000 No 134 665 121,500 Yes 
121 1105 301,060 Yes 135 395 62,500 No 
122 820 253,000 Yes 136 340 59,000 Yes 
123 990 276,000 Yes 137 950 176,000 No 
124 920 276,000 Yes 138 1105 277,000 Yes 
125 895 210,000 Yes 139 835 152 ,000 No 
126 930 248 ,000 Yes 140 660 127 ,000 No 
127 900 196 ,000 Yes 141 665 115,500 Yes 
128 940 155,000 No 142 520 93,500 No 
129 895 233,000 No 143 405 67,500 Yes 
130 950 230,000 Yes 145 855 175,000 No 
131 565 103 ,500 No 146 610 115,000 No 
132 450 94,500 Yes 147 875 171,000 Yes 
BATCH #941 
87 656 70,000 Yes 104 560 77,000 No 
88 535 62,500 No 105 710 132,000 Yes 
89 715 121,000 Yes 106 735 120,000 No 
90 430 67,000 Yes 107 765 113,500 No 
91 690 140,000 Yes 108 865 186,000 Yes 
92 430 71,500 Yes 109 905 147 ,500 No 
93 475 - 130,500 Yes 110 1070 187 ,000 No 
94 515 70,000 No 111 1085 190,000 Yes 
97 435 57,500 No 112 ~~ 1080 210,000 Yes 
98 935 130,500 No 113 815 174,000 Yes 
99 560 60,000 No 114 885 144,000 No y 
100 465 59,000 No 115 510 74,000 No ' 
101 470 74,500 Yes 116 1155 178,000 No ‘ 
102 490 87,500 Yes 117 810 109,500 No : 
103 460 59,000 No 118 570 74,000 No ‘ 
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BATCH #945 


> 
Run Bo (dp/dt), Extin- Run P. (dp/dt),, Extin- ; 
No, (psia) (psia/sec) guished No. (psfa) (psia/sec) guished ¢ 
148 875 135,500 Yes 167 715 82,000 No t 
149 775 95,500 No 168 665 80,000 No : 
150 755 * 82,000 Ves 169 555 54,500 No { 
151 690 71,000 lo 170 560 56,000 No 4! 
st 153 1100 152,000 Yes 171 620 64,500 No z 
154 880 108,500 Yes 172 720 72 ,500 No 4 
155 670 65,000 No 172 195 7,500 No ig 
156 755 76,000 No 174 355 32,250 No b 
157 630 82,000 Yes 175 225 24,600 No r 
158 550 72,000 Yes 176 300 20,800 No is 
159 500 45,500 No 177 400 51,175 Yes ¢ 
160 455 30,500 No 178, 655 96,500 Yes : 
163 550 70,000 Yes  _=:179 790 77,500 No f. 
165 520 72,000 Yes 180 770 85,500 No 
166 520 56,000 No 181 680 64,500 No 


BATCH #949 


182 660 79,000 Yes 197 505 _ 75,500 Yes 
183 785 62,500 No 199 640 73,000 Yes 
184 670 52,500 No - 200 620 64,500 No 

185 695 46,000 No 201 495 67,750 Yes 
186 740 52,000 No 202 560 58,000 Yes 
187 690 96 ,000 Yes 202 335 27,000 No 

188 -630 64,000 No 204 335 39,500 Yes 
189 680 95,500 Yes 205 380 47,500 Yes 
190 515 38,000 No 206 375 28,300 No 

191 340 22,125 No 207 91. 102 ,000 Yes 
192 * 320 25 ,830 No 208 885 96 ,000 Yes 
193 320 36,750 Yes 209 685 74,000 No 

196 425 27,375 No 


BATCH #951 


212 750 74,000 No 222 715. 184,000 Yes 
213, | 630 86 ,500 No 224 615 105,500 Yes 
214 700 100,000 No 225 930 104,500 No 
215 575 109,000 Yes 227 490 71,500 No 
216 480 69,000 No 228 515 117,700 Yes 
218 570 83,500 Yes 230 515 90,500 No 
219 1060 159,000 No 231 765 186 ,800 Yes 
219A 950 150,700 No 232 955 168,800 No 
220 915 179,500 No 233 720 127,000 No 
221 920 215,500 Yes 234 345 54,750 Yes 
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BATCH #955 
SSS 
Run Po (dp/dt), Extin- Run Po (dp/dt), Extin- 
No, (psia) (ps ia/see) guished - No. (psia) (psia/sec) guished 
235 755 128 ,200 Yes 249 660 51,750 Yes 
236 = 845 87,500 Yes 250 730 64,500 Yes 
237-930 84,000 Yes 251 535 40,500 Yes 
238 1020 91,000 No 252 400 26,800 Yes 
239 © 930 71,600 . Yes 253 300 18,000 No 
240 1025. 105,200 Yes 255 295 17,900 Yes 
241 435 32,000 Yes 257 315 15,300 Yes 
242 595 39,000 No 258 990 59,400 Yes 
243 440 25,800 No 259 910 39,750 Yes 
245 520 36,000 No 260 1055 37,170 No 
246 830 82,500 Yes 261 ° 510 17,100 No 
247 965 76,500 No 263 470 16,100 No 
248 760 48,500 No 
BATCH #966 u 
367 545 88,000 Yes 379 685 131,000 Yes 
368 535 63,500 No 382 1075 197,300 Yes 
369 395 43,200 No 383 825 117,000 No 
370 = 435 66,500 Yes 384 865 138,500 Yes ng 
372 680 91,500 No 385 1025 119,500 No Ny 
373. 645 92 ,000 Yes 386 1050 124,560 No ry 
375 630 87,50C No 387 500 71,000 Yes : 
376 650 81,500 No 388 400 54,000 Yes E 
BATCH #970 : 
: » 
395 880 :37,000 No 411 575 92,500 No ng; 
406 845 120,500 No 412 600 95,200 Yes ¥ 
402-835 121,500 No 413 590 89,000 No 
403 440 80,500 Yes 414 690 145,800 Yes i 
404 445 64,500 Yes . 416 985 175,000 Yes RG 
405 430 65,000 Yes 417 955 159,000 Yes bn 
406 560 61,750 No 418 985 233,000 Yes ie 
407 = 460 52,000 No 419 725 108,500 Yes es 
408 450 45,000 No 421 725 106,500 No i 
409 460 64,000 Yes 423 550 78,200 Yes ee 
BATCH #961 xb 
PLEA RAR * 
322 550 $6,000 Yes 336 655 103,500 Yes . 
323-555 69,500 No 337 740 116,760 2s G 
324 610 No Break No 338 615 72,090 No m 
325 585 45,200 No 339 770 =: 125,200 Yes es 
326 675 111,500 Yes 340 960 123,500 No »i 
327, 690 125,000 Yes 341 775 ~-:120,500 Yes ~ 
328 765 106 ,000 No 342 660 120,500 Yes sh 
329-769 114,700 Yes 343. 1085 162,800 Yes 2 
331 380 59,000 Yes 344 1065 129,500 Xo iN 
333 325 29,100 Yes 345 390 54,000 Yes “ 
334 435 28,256 No 346 325 32,500 No } 
535-620 73,560 No e 
& rh 
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PROGRAM TO CALCULATE CONSTANTS IN THD CHARACTERISTIC 
TIME EQUATIONS :'OR THE CHEMICAL AND DIFFUSIONAL PROCESSES 


A. Description 


This program, entitled ABDETRMN, solves Equations 53-57 
in Section IV - C of AMS Report No. 880. The program uses 
the method described on pages 37 and 38 of the report to 
determine the prcver values of the constants 'A' and ‘'B' in 
Equations 35 i 30. The input is comprised of the physical 
properties of the propellant in question and the table of 
steady state burning rate versus pressure data for that pro- 
pellant. Provision is made for -inputing the adiabatic flame 
temperature as a function of pressure, although for several 
o£ the propellants considered in this report the flame tem- 
peratures were nearly constant in the regions of concern, 
i.e., from one to seventy atmospheres. It is important to 
note that these constants °*A' and 'B' do not represent the 
intercept and slove terms in the burning rate law 
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i.e., they may not be determined by plotting the stgady state 
burning rate versus pressure data on P/R versus ps coordinates 
and drawing a straight line through the points. The output 
includes, in addition to 'A' and 'B‘', calculations of the 
surface $omperature, the temperature gradient in the gaseous 
phase, P“’”, P/R, the square roots of the characteristic b 
times Sor the chemically and diffusion controlled processes, 
and the steady state burning rate all in non-dimensional form 
and all as a function of decreasing non-dimensional pressure. 
This data is presented to facilitate a check of the 'A' and 
‘B' constants with the granular diffusion, flame theory. If the 
Beene steady state burning rate, RSS*, corresponding to 

= 1.000 is not within a half of one percent of 1.000, RO 
nce be changed slightly until this condition is met. 
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DIMESSTUN TSF89070) TAL TS( 30) 59045) 


METESMPUSS AB 2 VALUES FOF THE NIDEL AND CHECKS THEA: 


IWOAAAND 
—t 


139 FOE CAT (sFb%.0) 
PAD SWAT CVV DG PPE LIX ITEH DY LOX, ETSLENN DIX EP RESS3 LUX, ! 


142 FRVAT (415.5) 
133 Bi CAT (295, 7719.) 
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IF (PPIM(T) 2.57. 269.) 59 TO 692 

TEMTN = TFLAD 

PMIN = P1945 

NTEe =(TE3I9NN - TR1IG)/ (P3203 - P1930) 

IF (POEY(T) 2.57. 100.) S3 TQ 602 

TFEMIN = TEO9D 

PrHIc: = POD4 

DTD? =(TFLIO0 - TEOD9)/(9100 - 9960) 
692 TFO = TEEN # (9DT TCT) - PRAY EET DO 
739 TESI“(T) = TEO 


F, 


C CALCULATIO: HR SOMA TEMENSTONAL SUOFACE HEAT AELEASSE 
Ay = 7 10.7%34%(TSI-TINFD) 
HS = AV. & FUTLSI225, + ALHS5S.)/(.33340TSO - TINF)) 
Ho= 4H] - 4§ 
HAL = 
TFOQ = JFIVDS 
HASN= (4P%495. #€ FUELY225, Y/0.2353%(T3S9 - TINF)) 
ANCMAL = HT - HSU : 
SU4FLT = 933./7TS% 
THEY = (TSO - FLIFV/CTSO - Tlie) 
Q = (TFOQ - VICES CTSG - TI) - 4 
<QUNT = 0 
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TS2F20L) = Le/C1L. - CASASFETSOSE SURF PSALTOUP CTD) 
TS = TSYS3Cl) #154 
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912 = (TEP EDC I) E09 6/56 DIA EPCS) B01 30 DETSREO( SD) F¥(7./3. 0) 
MLL = 370203280 THR TSC) - HN) 
TCH4AR? = (I 0CTAETS(S) - HYD R.5/20 9) 
C ITEZ4ATIUN IN FOUATTONS 55 € 57 TS FIND 8 
830 CONTIWUS 
TOIE2 = TOAAR? - FTCrHe 
IF (TCHS 2 ets el) TOrhar 2 = 01 
94 = (ROS) FTC UR? ) 2 
TCOHA?2 = FCAAZL 
TCHA?21 = TCHR? 
KT = XT + 1 
93 = FXP(-34) 
Cc FRO EDJATID: 37 
TCrhARe2 YELLE CO CSV FTSCH2* 93 4 CL. - OBVECTIOLF 2/102 05) FTCAAR 2%%2))) 
1335 FQR4AT (4714.4) 
TCHAL2 TOHALL 
TCHALI TO ANI 
Q3 = ToHA?L - Toit 42 
A893 = ABSCIB/ICAA2L) 
TF (ATI CLT. 2992) GI TD 349 
IF (XT .5T. 39) 32 719 239 
IF (XKK .3T- 3) 59 15 334 
IF (93 .GT. 9.) 35 T3 335 
TCHAR? = 1,28 TTHA21 
o6 TO 330 
8325 CONTINGE 
PCHAR2 =L.99"TCH\2) 
KKK = 1 
oJ TT) 330 
O34 IF (KY LS. 1) 3. TD 78S 
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CONTINUE 
oe amo= A 
a4 = PAYS 
GO T7 304 
$03 CONTINUE 
LCSUNT = LOWAT + 1 
IF (LCCUNT .GT. 3) 69 TS 1999 
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BAVG = 9m 
A = Ae 
SCETE (44137) 2aV5,3 
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C FOUAT IS 523 
TS2 = 1e/{1,. - (2R5AKS*TSO/ESURF FALLS OR GUFSS)) 
TS = TS8*T5 
THS = {9S - TIEV/(Ts9 - TI-F)” 
BEF = EXO((SFLA+E/S(ESASH2CRTFO) SOL /TF2 - 1.)) 
C TCH2 ESOL SS THE SPIASE LACT OF TC+t, ETC. 
C FQUATIC: 534 
TCH2 = AMET ETE Ree 25/067 55 
Cc FOUATIV: 35 
TOT&2 = BAY SETR CEE (DS re (PL ESSEC L/D.) ETSORE(T OSE 
C ESVUATIS' 4 paneer) 
22 =x 
: Te . 2 “ 
EX#2T = EXS(-- SYS S5**2e1 CHAR) 
C TIMATIO™M $1 
SNAD FE (FRG SE SSS TCHAD 2) ECT OUD RE XRT 4+ (1. —- EX2RT)FTDLF27 
l (RGUTSSee297TO oF yy 
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ample Problem Input : 
Equation Fortran ; Location 
Symbol Symbol . Description Units Card Col's. ; 
Batch # | NBATCH Identifies propellant batch = 1 1-5 
If NBATCH <0., signifies end of 
deta 
N Number ot R vs P points - 1 6-10 : 
ro RO Burning rate @ Py in/sec 1 11-20 ; 
. i) 
Tr, TFO Flame temperature @ p °K 1 21-30 
30 ° { 
AP Decimal fraction AP content %/100 1 31-40 | 
FUEL Decimal fraction fuel content 7/100 1 41-50 i 
‘ 
AL Decimal fraction aluminum %,/100 1 51-60 
content ‘ i i 
eae TSO Surface temperature of OK 1 61-70 i 
- 80/20 PBAA propellant @ Po: I 
. i 
Py PO Reference pressure - psia 2 1-10 } 
4 
E. ESURF Surface activation energy cal/mole 2 1)-20 t 
A 
Ee EFLAME Flame activation energy cal/mole 2 21-30 
Tos TINF Ambient propellant temperature OK 2 31-40 
AGUESS First guess of A value - 2 41-50 ; 
i 
TF1000 Adiabatic flame temperature °K 3 1-10 r 
@ P1000 t 
TF600 Adiabatic flame temperature °. i 
@ P600 K 3 11-20 
, ‘ 
TF300 Adiabatic flame temperature : 
@ P300 °K 3-21-30 ; 
r i 
sod TF10C Aliabatic flame temperature : 
os @ P100 °K 3 31-40 : 
a TFOOO Adiabatic flame temperature : 
rye @ Pood °K 3 41-50 : 
e. a 
o P190G Pressur for TF1900 (p/p,) - 4 1-10 : 
eee P600 Pressure for TF600 (p/P, - 4 11-20 : 
P300 Pressure for TF300 (p/p) - 4 21-39 4 
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Equation Fortran Location 
Symbol Symbol _ Description Units Card Col's. 
P100 Pressure for TF100 (p/P) - 4 31-40 
PO000 Pressure for TFOUO (p/p,) - 4 41-50 
xr RDIM(J), Steady stat« burning rate 
J=1—> N @ PDIM (J) in/sec 52(N+5) 1-10 
Pp PDIM(J), Pressure corresponding 
J=1-->N to RDIM(J) psia 52(N+5) 11-20 
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/IDATA : 104i Pay SRL Ont ay 
VEATCH N RO TFO AP FUEL AL S0 
954 14 .3485 aso. 075 25 -0 000. 
po E SURF EFLAME TINE A GvESs 
1000. 6000. 20900. 300. .O7 
TF1000 TFivo “F200 TFlo00 TFEOb00 
1840. 1840. 840. 1840. 1840. 
Ploos Pb00 P2e0 P100 7000 
Lepwadi) | Poimdi) 
ie0657 118.5 
l gowa(2) : ppm? 
1001 | | 426 zg 
j t 
i e i e 
[1268 CeOe-. 
i $ } 
11518 1106. 
t . ‘ 
01821 : 165.5 
i 
22158 : 257.6 
32543 i 404. 
22953 i 613-6 
22954 . 6206 
. { 
"2324 ' 803. ‘ 
23493 : 1003. id 
RDIMCN) . POMCN) | r 
- 3623 ) “1119. ) 
NEAIGL Ny Ro TFO AP FUER AL TSO 
949} 11) .2162 . 11840. o75 +25 D.0 1006. 1 
Po * ESURF EFLAME | TINE ASVESS ee 
1000. 16000. 20000. 300. 2057 é 
Flo. tK6CG TE Boo tF 100 TE O00 R 
842. 1840. 1840. 1049. 1849, z 
P2000 " 0D | (200 Pico | Fogo Ds 
ae 6 -3 el {0.0 g 
apis (a) PDIM (a) | hs 
20614 35.5 L 
Roim(2) —_Pdimi(2) | 
09753 5662 . 
' . ‘p = 
20848 ° 14.5 , aS 
x i 
e 94 ° 
; 9945 97.1 h 
29982 : 106.3 i 
"Ure "157.5 f 
01351 . 265.6 5 
61602 403. N 
f 
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D. Sample Problem Output 
Equation Fortran 
Symbol Symbol Description 
Batch # NBATCH Identifies Propellant Batch 
N Number. of R vs. P data points 
ro RO Steady state burning rate @ Po 
Te  -TFO Flame temperature @ Po 
Te6 TSO Surface temperature @ Py 
AP Decimal fraction oxidizer 
FUEL Decimal fraction fuel 
AL Decimal Piachibn alonines 
R R Non-dimensional ‘burning rate (r/r,) 
P P Non~dimensional pressure (p/p,) 
j Tepe TFRED T/T. 
eee ‘TSRED T/T, 
pls Pe22/3  P(a)?/3 
P/h PIR P(J)/R(J) 
BAVG s B(J)P(J) lz P(J) 
J=1 y J=1 2 
ERROR Blewe-200)1 PD} 
A Current guess A value 
BM BAVG with smallest ERROk 
AM A corresponding to BM 
HAL Surface heat release term that 
includes contribution cf aluminum 
HNONAL Surface heat release term without 
aluminun 
@; THS Non-diziensional surface temperature 
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Characteristic time, chemical process 
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SECTION I1Y 


PROGRAM TO PREDICT EXTINGUISHMENT AND CALCULATE DYNAMIC BURNING 
PROPERTIES FROM PRESSURE VERSUS TIME DATA INPUT 
a Roe atin DALA INPUT 


A. Description 


This program, entitled PREDICIR, utilizes the combustion model 
detailed in Section IV of AMS Report No. 880 to predict whether or 
not a specific depressurization will extinguish a burning solid 
propellant, The program requires input of the constants '4' and 'B? 
determined by a separate program entitled ABDETRMN, the physical 
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Pe properties of the propellant, and pressure as a function of time. 

Sa The output includes a listing of pressure, burning rate, temperature 
. gradient, flame temperature, temperature profile, surface temperature, 
and the characteristic times of the diffusion and chemically con- 

wee trolled processes in the model all in non-dimensional form as a i 

Sa function of time, as well as burning rate in cm/sec, pressure in atm., 

ae and surface temperature in degrees Kelvin as a function of time in 

2h seconds, The criterion for extinguishment used in the computer was 

Ca. that the surface temperature must fall below an ‘extinction tempers- 


ture' specified as 600°K. 
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i = Phe etna! ~- TAYAVS 
oy TAU3CS) + DeLI4e DEL KX 
= ZLAv2 E43 - Si{Jt}) SIELTIS/AI 
VAUZB = COFL3LT + 2.80732] + 2eFNELG3 + DELB4S) HEL X/ 5. 
FAIZB( S41) = TAY2(S) + BTAUS 
XLAWZ = ZIJFIELXFZLA%M 
FO ((-XLAM2) 277. 392) GE To 69 
= OX°(XLA“2) 
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HI TAIL (SFL) 
Sl : JE 


ZLEASL STALE g) + TAUB SY) 


Xll = (J) - oGSFCELTLESELYX 


TAUAVG A300) + Lee 1))/2. 
NFL12 = CLEXDE + OUR 


X12 = TAYL(S 
BELLS = ZLAALPANXK12 + “TAI AVG 
X12? = TAyi(J) ~\ HELD Z=OL LD 
YELILG = 7LANLENLS + TA S3US-13 . 
VTAUL = (CQSLTT + 2. 89EL12 + 2.*9EL13 + DELI4) =9ELX/6. 
TAJLEJ-1) = TASS - DTAU) 

79 CONTINUE % 


END uf RUNGE KUTTA SS 


EQUATION 33 7 


B86 = (-F93< - ZLAYL2 eTAUIUD) ~ ZLAM2SSTCLIIAZLAM2 
EQUATITAN 61 

THE? D = TASLOL 2 + S8FTAU2EL) 

TS = THEE V#CTS9 - TINE) + Tite 

TS2ED = TS/TS1 

Cc EQUATION 16_ SON EUSNSTONALEZE9O 
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“PITS (64533 Set P- FIZ AA 
LINES = LINES + 2 
IF CLIVes ) 53454,54 


LdCS = 
CONTINUE 
Go TO 17 
CAAT PNYEe 
R= (PAjpere 2 2 
PPR S38 27] 
Zeb os ASZS{IEL SYS Z2 
IF (25% - 23) 171,172,270 
fF = 2M] ¢ el EVE As 2% 3 
CONT TNE 
of Ty 9 
CONT Pur 
00 20 Lt = sors 

EQUATY iv 
THlr) = TLL) + vr 
SI{kL) = 
THER EY 
RSTAS1 
RSTAR = 2 
ecw ReDIF ESO, 54 

FIN) STEADY STATS BURNING FATE FoR 
CALL Sf UL (2,573) 
8FQ = R/27) 
PATY = PRIDTIESLGL7 
WRITE (4,215) TT13,4,2,7TuE 
PSTHCL21 7, TH( 161), 22 
LINE SSUINcS41 
TF(LINS§~-54) 153,154,154 
APTS (4,987) 
= fo,t15) 


PEPP2UIROL = Od2 2 ay % 433 


*TLU2Z(L} 
(Titt} - SPL) 01. 
THT) 
AST A 
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9FO2X% MPR ,V OLR 
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SURRDUT EE 2S EILGCPVESS A GUESS) 

On Gana a des SAVG, TER, THs: Qe FSJUAF, ALSSLT, 

oe 7354S, TFO, 1S), TINF 4YAL¢ HE ONAL 

S AQUTESE EVALUATES THO STEDY STaTe 2UCUING RATE AT A pare, 


C CTe2ePive CLT ILATIG™N CF SToady STATE SUPNTLS 2ATE 
S29 Deed itsde 


c EQUAT( 3% 53 rs 
Tf (F.GUFSS et. 272 7 FGUFSS = 262 we 
TS? = Le/(L. - C2 54S TSO/7SUFF)¥ALU3(> GUFSS)) Pe 
TS = T$.*T59 ie) 


THS = (TS - 7) } 
: = FL DAS SIL *TEOD VE (LISTE YS - 26)) 
C TCH? Pre MATE AQOT VF Tht, EITC. 
C EQUATICG & 

TCH? = AKFECS 
C CQYUATION 5 

TOIF2 = SAV3% 
c PYUATI as bo 
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TOHAR = Todst2e* 

EXXRT = EXP(H-AGUES SHE 2*T CHAS) £ 
C EQuATIGN 51 

SEAR = (2242 SIESS/TOHSZQV EC TCHO2REXQIIT + (2. — EXROTPSET OIE 27 

Ro (2GUESS #3 9 TOHAR )) 

Ho= HAL 

IF (TSR ALT. ALUELT) HOS YUONAL 
C EOUaKI ES 53 
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255 eh T. 2890) 25$=.001 
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PS) = Roe Ss 
PF (47S! - 2) 51%,39=,315 
814 TE.TIA JS 
Deo = «3S -— FGNTSS 
PSIESS = CSIESSEL TE. & 6 FOR (SES 2897 525)) 
SU. 73 39¢ 
B8Le TUNT Pa 
Pe GMT S0 = 23) 127,917,223 
SL STIS 
2RGuet$s 2 € “St2% sh = SSPE CAPA (-$S2 - &SSE - 957 4 7514.0 390002) 
309 T3 3.7 
By 2 OTe Cay tay 2 $s, Teas 
S12 Oe ee eS) ees gh PA Te SS y So SS te} 
ob. G1 vr Pye 
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Cc. Sample Problem Input . 
Equation Fortran : Location 
Symbol Symbol Descr.ption Units Gard Col's. 
A A Constant in Equation 35 to “ 1 1-10 


be determined by ABDETRM deck 
from the pressure dependence 
of the steady state burning 
rate. 


B B Constant in Equation 36 to. - 1 11-20 
be determinec: sy ABDETRM deck 
from the pressure dependence of 
the steady state burning rate. 


AP Decimal fraction AP conzent %/100 1 21-30 


FUEL Decimai fraction fuel content  %/100 1 31-40 
E. ESURF Surface activation energy cal/mole Ll 41-50 
AL Decimal fraction aluminum %/100 1 51-60 
content 
% ALPHA Thermal diffusivity of in” /sec i 61-70 
propellant 
E, “  EFLAME Flame activation energy cal/mole 2 1-10 
tr RREF Burning rate @ PREF in/sec 2 11-20 
Te S TFO Adiabatic flame temperature K 2 21-30 
@ PREF : 
Too TINF Ambient temperature of . %K 2 31-40 
propell.nt 
T. 5 TSO Surface temperature of 80/20. %% 2 41-50 
we PBAA @ PREF (taken to de 
1000°K) 
Po PREF Reference pressure psia 2 51-60 
TF1000 Adiabatic flame temperature ox 3 1-30 
@ P1000 
2600 Adiabatic flame temperature °K 3 11-25 Se 
@ 7600 “4 
24 
TF300 Adiabatic flame temperature Oy 3 = 21-30 = 
@ P300 Gi 
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Fortran 


Symbol 


TF100 
TFOOO 


P1000 
P600 
P300 
P200 
P000 


RUN 


CIJK1 


T(I) 


DEF (1) 


sinc 


Location 

Description Units Card Col's. 
Adiabatic flame temperature OK 3 31-40 
@ P100 
Adiabatic flame temperature °K 3 41-50 
@ P0900 
Pressure for TF1000 (p/p,) - 4 1~10 
Pressure for TF600 (p/p,) - 4 11-20 
Pressure for TF300 (p/p,) - 4 21-30 
Pressure for TF200 (p/p,) - 4 31-40 
fressure for T1000 (p/p,) - 4 41-50 
Identifies experimental run for -~ 5 1-19 
particular p vs. t data. If 
RUN<0., signifies end of data 
The number of points in pvs.t - 5 11-20 
data set. CIJK1 must be equal 
to 10., 12., or 14, If CIJK1 
<0., signifies read data for . 
new batch of propellant 
Time corresponding to some tens of 67> 1-10 
pressure (DEF(I)) for Ru: msec.s (CIJK1+6) 
Pressure at time T(I) psia/100. 6-* 11-20 
divided by 100, If any data (CLIK1+5) 


is included from the tape, it 
must be preceded by a card 
having a negative number in 
the first ten columns and the 
magnitude of the tape de- 
flection at zero time in 
columns eleven through twenty 
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Ae Fuel | ESURE |] AL POE A 
0077 1.92 0 f5 023 16900. ° 230029 
EFLAME | RREF | TFO TINF TS0 PREF | 
29999. 02152 if40. 309. 1900. 1000. J 

14F3000 | TEGO | T3800 | TFI0o rao 
840. 11840. 1840, 1840. 1840 
Pl&%6O | Pboo P300 P1100 PoGe 

H le {26 23 el 0.90 

; ' cr 

RUN grr 
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58 1 < ew botch ++ 
S ceU4): CIFKI1 < a. Signiti 5s re Co 


5s prepellant chat ce Celis >wWS. 
CIIK1: 

“<1. q . 

' 6G i AP | FUEL i Esore AL ALPHA | 

1.709 ,75 225 
RE | Tee : TINE $0 PREE 

0 3435 11840. 2006 1009. 
TFEG6co | TF 200 TFiva TF 000 

1840. 1540. eres H 
fLis  PZoe eee 
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Set 
Oe eee aoe mene nyt stan a, 


Be aa staid i ae cea Oo anil es : RCE RRORCOORER ET CT Ba 
aS Mats ONC SS S ti tetatates wes Soon abaeny: Wet, Et st ot nose 5 


‘ Ra ~ ° me “. ss, 7 
OER ECs CN ane Soa ee He hee eee 


“g-peee, 


“ot 


OSS 


T(6) | DEF] | 

. ° 285 : 
2.7. (65 ° | 
3.2 5 : 
4.2 035 . ! 
¢ } 

Sa) I Der (11) | 


2 ie? 
(12): 


T12) | per (te): 
le oe (2), 


ee 


% tee’, oly Lie hs. soe ty id ig ~ 7 ivy if ic ie ey) 
PEER RTA TATA ERR Se TO ER 
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T(I) <0. sianefies dota From tape 
follows — DEF (I) = DTAPE 


| 
{ 
| . 
ad where DT APE is the maant- 
ee ee tude. f the tea Aetiec- 
(red) pee(i4) BCE e = 
4.8 13.85 tio, at te O. 
of UN CITFK1L : 
3) Jo EF Cs 
224 + |5.2 : 
1 474 2.35 
| 1.260 N25 
liste. [os 
| 2-24 ap cy eee : 
; ey a Pa i T(8) -< 0. means DTAPE = DEF (AB) : 
Ke) Poe proceed ty tead T(8) ond 
i \ f ~ i * 
| os 8) |, Berle) : DEF(B). 
(1.85 5 fess 7 | 
2.85 p35 
3.85 3-5 
585° 2030 
eon, 2025 (ai 
TN): DEF(TIK) Z 
9.35 * 109 *  SeRUN eo: signifies end of data sé. 
RUN 'TJIK1 ) 
-l. << 
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D._ Sample Problex Qutput 


Equation Fortran 


Symbol Symbol , Description Units 
T (2) Time corresponding to some pressure tens of msec.s 
(DEF (I)} for current RUN 
DEF (1) Pressure at time T(I), divided psia/100, 
by 100 
DAA (3) Coefficients in polynomial curve ~ 


194(LIKL fit expression: In(P) = DAA(2)+ 
{u-2 ( 7 2} DAA(3) T + paar? + DAA(S)q 3 +... 


E, ESURF Surface activation energy cal/role 
P; PO Initial pressure psig 
i 
NUM Number of points used in the space - 
coordinate (i.e., number of DELX (4 X) 
increments) 
A A Constant in Equation 35 - 
(see input listing) 
B B Constant in Equation 36 - 
. (see input listing) 
HI Non-dimensional exothermic surface - 
heat release 
HS Non-dimensional endothermic surface - 
: heat release ° 
H H (HI-HS) Total surface heat release - 
NRUN Identifies experimental pvs. t - 
data set 
IIJK1 The number of points in p vs. t - i 
data set ay 
T TITT Non-dimensional time (4/2679) - aS 
ou 
P P Non-dimensional pressure (p/p) - pe 
$5. 
R R Non-dimensional burning rate (r/r) - BS 
. THF Non-dimensional flame temperature - te 
(r, - Tea\/(T, - To) He 
(60/0X), FDBK Heat feedback to solid phase - 5 
F tes 
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‘a 
Equation Fortran ee 
Symbol Symbol Description . Units ee 
tA 
R/R RRQ Ratio of instantaneous burning rate - eS 
to steady-state value at that pressure a 
jt, ¢ TDIF2 Characteristic time for diffusion - 
* process 
fou TCH2 Characteristic time for chemical ; - 
process ; 
8. TH(1) Non-dimensional temperature at surface - 
TH(41)- » Non-dimensional temperatures at selected - 
TH(161) points in the subsurface region of the 
solid 
t REALT Real time in seconds _ sec. 
P- PATM Pressure in atmospheres atm, 
r RCM Burning rate in centimeters cm, 
T. TS Surface temperature in degrees K % 


EP te a oh ee ae PP OL PT be” le Det Be =o Fy» Pye *yF ah ro Fel 2 ye he * af 
amerereacencon enn etrenttmeereemar seen Tr cree erent er 


TIME 0.9708 DEF 0.5500690 


TIVE 0.0303 DEF 0.5300600 
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TIME = 0.0 DEF = T.5595598 
TIME = 0.9908 DEF = 7.0599997 
TIME = 0.9953 DEF = 427999992 
TINE = 0.0193 DES = 325999994 
TIME = 4.0153 DEF = 2275990090 
TIME = 0.0208 DEF = 221959998 
TIME = 0.0252 OFF = 1.7999922 
TIME = 9.0308 CES = 1.5499992 
TIME = 9.04598 DEF = 1.1999993 
TIME = 0.050% DEF = 0.9509999 
TIME = 0.05038 DEF = 0.7309090 


TIME 
- 07455 3904570-02 = (—.007485 200457) 
0256612547749 29 => (~- 56612667 74) 


0.1203 NEF 0.5900000 


! 
i 
| 
| 
0219993530530 90 | 
-0.21373541910-91 Cocfficieats in polynonial 
cve Fit exaeeesion, ee 
0. 35661328439-02 ee Sree 
~0. 354 39273799-93 (double precision ) 
-9+35572511580-06 = 
ta 


0.17969387350-N4 
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